Abstract-Barcode attached on product is to transfer information to users. In practice, many barcodes are degraded over time and they are difficult for users to recognize product information. Therefore, barcode image restoration plays an important role due to clearly showing product information for users. This paper proposed a restoration approach of barcode-EAN 13 images with different degraded characteristics such as vertical lines, blurring, dashed lines. In particular, the degraded barcode images are pre-processed for restoring before recognition, in which a radon method is applied for rotating barcode image and an Otsu segmentation method is employed to split the barcode image from an original image. Therefore, bars in each barcode image are determined for recognition of the correct barcode. Barcode image datasets are collected from different practical products with different quality for restoration before recognizing them. Experimental results show to illustrate the proposed approach for the barcode recognition is the effectiveness.
I. INTRODUCTION
In modern life, almost packaged products are labeled with at least one type of barcodes. The success of barcode technology for recognition, monitoring and inventory comes from the ability to encode information in a compact fashion with very low cost involved. Laser-based handheld barcode scanners achieve powerful scanning capabilities at a reasonable price [1, 2] . However, in recent years, there has been an increasing interest in accessing barcodes using mobile phone cameras because it can be used in multiple applications [3, 4] . In particular, some recent smartphone apps have provided full data access to people about a product's information found at a store or users can compare online prices through reading the barcode.
In recent years, there have been 1D barcode types processed for recognition. Sampada S. has done processing barcodes using algorithms such as binarization, spatial filtering and edge detection on these images to extract the barcode region, in which the barcode number is decoded using the decoding algorithm [4] . Alessandro Zamberletti applied a Hough Transform algorithm for identifying 1D bar codes with different angles and it's the accurate recognition was of 84% [5] . In research [6] , two probability density functions were employed for detecting bars in order to Published determine the dominant orientation and length of existing bars. Moreover, the Hough transform was applied for detecting bars centroids and then 3 types of bar codes: EAN 13, Code 39 and Code 128 [7] were identified. In addition, this system could enable to rotate the image automatically before barcode information is extracted.
Unfortunately, an image with the poor quality captured by one mobile phone camera makes it difficult to decode the bar code, so its performance for recognizing is poor. A new algorithm for barcode reading was proposed for processing images with blurred, noisy, and with low resolution and its results were excellent [8] . Therefore, a unique characteristic of this algorithm is that it never performs binarization of the grayscale brightness profile before processing because this can cause loss of information, leading to complication of all subsequent processing. In particular, in case of images with the low resolution, binarization errors may occur and affect barcode recognition. However, there are many different methods for enhancing barcode image quality to be able to restore and then recognize barcodes. A new image processing method combined the Histogram and the entropy value in biomedical images to build a pixel separation algorithm was applied [9] . In the system using this method, the wavelet transform was utilized to process and transform the original image into an image with the better quality.
Automatic and semi-automatic segments always concern in the preprocessing process of an image. The result of image segmentation is a set of segments, in which it collectively covers the entire image, or a set of contours extracted from the image that is more meaningful and easier to analyze. An automatic and semi-automatic segmentation algorithm for clarifying tumors in medical image was employed [10] [11] . In particular, the automatic partitioning method was applied for brain tumor recognition based on an Otsu thresholding algorithm.
With barcode images captured from mobile phone cameras, this article has proposed several combined methods for enhancing high quality of bars for identifying the accuracy of the barcode images. In particular, this paper will carry out restoring EAN_13 barcode images with degradation such as vertical barcodes, inclined barcodes with tilted angle less than 90 o , blurred barcodes so that product information is recognized more clearly. The degraded barcode image will be pre-processed to enhance image quality including steps such as filtering, contrast balance, image rotation and then perform to restore before recognition. In the paper, barcode images are degraded by different causes such as external lighting condition, different agents. Therefore, barcode image degradation often consists of blurring, dazzling, inclining or dashed lines. Therefore, the image processing methods are applied to rotate the slanted horizontal barcodes, to enhance the blurred image, to restore the broken image and to decode the encrypted information on products. In the paper, processing barcode images and decoding information on products is focused on images with the EAN-13 barcode, in which the built-in barcode recognition system consists of the steps shown in Fig. 1 . 
A. Information Structure of EAN-13 Barcode
The EAN 13 barcode consists of thirteen decimal digits that are divided into four main parts to store and convey the information content of one product such as place of production, manufacturer, product code which provide to consumers, distributor or manager. In particular, the country code is the first three digits of EAN-13 used to identify GS1 organization members and the product code is the unique code assigned to each manufacturer. All products produced by a certain company will use the same product code.
Product code is specified by the manufacturer and follows the manufacturer code. The total length of manufacturer code and product code must be 9 or 10 digits depending on the country code length (2-3 digits). The check digit is an additional digit, used to verify that the barcode has been correctly scanned, as shown in Fig 
B. Image Enhancement by Histogram Equalization
Enhancing the image is to make it better for recognizing barcodes. In this paper, the enhancement algorithm is Histogram equalization, in which grey level values of pixels in the image will be change for balancing and the image after enhancing has better quality [13] . The histogram of an image with different grey levels corresponding to pixels is a discrete function as follows:
where rk is the k th grey level in range [0, L-1].
For determining the probability density function p(rk), the histogram is normalized using the following equation:
in which the probability density function of rk is normalized to [0,1], n is the total number of pixels in the image. The transformation of the output image with the grey levels sk is relative to the grey level value k, called histogram equalization, it is represented by the following equation:
C. Radon Transform
The radon transform is applied to correct horizontal tilted lines in barcode images before identifying and decoding [12] . In practice, slanted barcode images have different horizontal tilt angles, so the tilt angle of the barcode need to be determined before the rotation of the barcode images. In this article, a method of Radon transform is employed to transform the barcode image into the Radon domain for determining the barcode angle. Transforming the barcode image in the image domain into the Radon domain is performed in 2D space, in which each line in the barcode image will be a point in the Radon domain as shown in Fig. 3 . In particular, the transformation equation is expressed as follows:
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cos sin sin cos (5) in which the integration is the line s on the image, ρ is the distance of the line from the origin O and θ denotes the deviation angle of the line from the horizontal axis.
D. Barcode Separation
For processing the barcode in one image, it is necessary to remove the barcode from the original image. Therefore, the position of the barcode is determined based on the continuous variation of the black and white lines of the barcode. In this step, the input image is converted to binary image and then the constituent components in the image are labeled according to pixels. The set of re-labeled components with the largest contour area is defined as the location of the barcode as shown in Fig. 4 . Moreover, the largest labeled contour area has 61 pixels chosen to separate the barcode in the binary image. 
E. Image Segmentation
Image segmentation is the process of dividing images into regions with the same features [14] [15] [16] [17] . The basic feature for segmentation is the glare for monochrome images and the color component for color images. In addition, edge and texture are important features for segmentation. In this paper, the image is segmented based on threshold using the Otsu method. Assume that the threshold k = 1, 2 ..., (L-1) is chosen for dividing the number of grey levels L into two sets C0 and C1 and the Otsu threshold method allows to find k based on the maximum variance between two sets C0 and C1 using the following expression:
in which, the weight ω0 and the average value of the grey level µ0 of C0, the weight ω1 and the average grey level µ1 of C1 are calculated as follows: 
F. Barcode Restoration
Barcodes on products are to represent information such as logo, expiry date, the name of the brand and others often represented on the packaging of products for observation or inspection. During using or storing, these barcodes can be blurred, shadowed, or broken leading to distorting or losing product information. Therefore, these types of the barcodes need to be restored information before identifying and decoding.
Based on the structure of the barcode including black and white lines as shown in Fig.5 , the barcode is the binary matrix including pixels of the black '0' and the white '1'. Therefore, the restoration is performed based on the ratio η between the total number of '1', named A1, and the total number of '0', named A0, and the ratio is calculated as follows:
If η > 1, all pixels in the column are replaced by '1' and inversely they are '0'. 
G. Barcode Recognition
In the next stage after preprocessing, the barcode will be identified to produce product information. In particular, the barcode is decoded as shown in Fig. 6 , in which sequence information in the barcode is determined and then decoded before displaying it. To determine the sequence information, it is necessary to determine 59 lines with the 30 black lines and 29 white ones using a Zero-Crossing method [18] . In this method, the middle of the barcode is determined for finding the barcode and then the pixel number of one bar is determined before using the barcode recognition function as shown in Fig. 7 . In calculation of finding the number of black and white lines in the barcode, a single horizontal scan is applied. However, the accuracy of the Zero-Crossing can be low. To improve the performance of this problem, a multi-line scanning method is employed. Fig. 7 . Block diagram of determining product information on the barcode Based on the coding structure of the EAN-13 type, one can obtain coding information such as three starting lines, forty-two lines for the six digits on the left, five lines for the central position, forty-two lines for the six digits on the right, and three finishes. Each digit in the barcode is composed of seven black or white lines corresponding to a binary value. In the data series, lines of interest for recognizing line codes are kept and unnecessary lines are removed. In addition, barcode decoder will need to build a new array to process data as shown in Fig. 8 . After determining the sequence information of the barcode with each encoding equivalent to seven lines, the process will continue to take steps to decode this data. First, the number of pixels per line determines how many bits each barcode contains. Second, based on the consistency of the first six digits, it will determine the remaining digit and assign the first digit of the EAN_13 standards. Third, encrypted bar code information is displayed.
III. RESULTS AND DISCUSSION

A. Data acquisition
In this study, we used 150 practical images as described in Table I , in which many degraded images are in the dataset for recognizing and estimating its performance. Inclined barcode image 50 3.
Broken barcode image 50 Fig. 9 . Sample degraded images in the dataset of 150 images In addition, the dataset, in the article, includes barcode images taken from the camera in natural conditions on the different products as shown in Fig. 9 . In particular, the degraded barcodes are different shapes such as vertically inclining with tilt angle less than 90 o ; blurring, broken others.
B. Results of preprocessing image
From the input image dataset, the barcode image is enhanced using a Histogram equalization method as shown in Fig. 10 , in which the histogram of the enhanced image shows pixels corresponding to grey level values are automatically distributed so that the enhanced image appears the better features for recognizing as shown in Fig. 10d compared to Fig. 10b . 
C. Image rotation
In fact, many barcode images after collected are tilted. Therefore, before segmentation for separating the barcode Building the array for handling information
Determining the binary value of each line
Recognizing binary codes
Barcode information
Determining crossroads in the barcode Finding the barcode for processing
Determining pixels of one bar
Recognizing the barcode from the image, the barcode image needs to be rotated using the Radon method so that bars in the barcode are nearly perpendicular to the horizontal surface. This increases the accuracy for scanning the bars during recognition as described in Fig. 11 . Fig. 11 . Barcode images rotated using the Radon method In this experiment, the slanted barcodes have the angle of less than 90 o as shown in Fig. 12a and Fig. 13a . All barcodes after rotation are segmented to separate from the images using the Otsu method and then they are converted to the binary images as shown in Fig. 12c and Fig. 13c . 
D. Restoration and recognition
For the effectiveness and accuracy of the recognition system, restoring one degraded image into the new one plays an important role so it allows to recognize product information in the barcode more clearly. In this paper, one dataset of 50 images consisting of 25 vertical barcodes and 25 tilted barcodes were processed and the sample barcodes as shown in Fig. 14, Fig. 15, and Fig. 16 represent the results of segmentation and restoration in cases of vertical, left or right tilt barcodes. Fig. 17 shows the strongly broken barcode images and the results were processed as shown in Fig. 18, Fig. 19, Fig. 20 and Fig. 21 . It is obvious that the obtained results after doing rotation, separation and restoration are very positive. Fig. 19 . Pre-processing the vertical and broken barcode in Fig. 16b In case of the barcode image with the degraded bars, the accuracy of the information restoration and recognition is 100% as shown in Table II . With the inclined barcodes, after preprocessing the overlapping of broken lines, the accurate result of the restoration and recognition is poor and about 80% as shown in Table III . To achieve better results, after segmentation, the kinked lines need to be corrected into vertical lines before restoring barcode information. Barcodes with the black and white lines broken are difficult to restore as shown in Fig. 22 . In fact, there are many barcode recognition devices with different recognition methods. In particular, a conventional scanner can create a unique horizontal line to identify barcodes faster, but is difficult to be able to recognize the inclined or broken barcodes [1] . Other applications use a multi-line scanning method to increase the accuracy of the recognition results by using the multi-line scanning, but it spends more time for recognition [3, 5] . According to our proposed method in this study, each restored barcode only needs to spend one scan for recognition, so it just takes smaller recognition time. However, this method takes more time for restoring the barcode image.
There are some incorrect recognition results during the transformation of the barcode image into the Radon domain for determining the angle of inclination. In particular, the barcode was rotated at the angle of 90 o leading to the unrecognized result as shown in Fig. 23 . However, there are some cases of barcode images after rotating, all inclined lines become parallel. Therefore, the results of processing produced the broken and inclined lines as shown in Fig. 24 . Fig. 25 represents the recognition ratio of two barcode types (vertical and inclined), in which fifty barcode images were used. In practice, the recognition accuracy of the vertical barcodes is higher than that of the inclined barcodes. In general, the barcode recognition results using the proposed method have the average accuracy of about 95% and its error is about 5%. It is obvious that the recognition result using the proposed method is high.
IV. CONCLUSION
In this paper, the original EAN-13 barcodes with types of different degradation such as vertical, inclined, torn, faded are preprocessed for recognition and restoration. The barcode was segmented to separate from the original image and could be rotated in horizontal direction if the tilted barcode by using the Radon method. Moreover, the segmented barcode images were processed to produce the binary barcode images before restoring them. The simulation results of the barcodes after the restoration show that the barcode images with the vertical barcodes have the accurate recognition of 96%, the accuracy of recognizing the inclined barcode images is 94% and the broken barcode images are 90%. Furthermore, the barcode images with many different angles were effectively restored and recognized. It means that the proposed method is effective.
